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only	weak	asymmetrical	 introgression	of	Spanish	 sparrow	nuclear	alleles	 into	 local	
house	sparrow	populations	and	ii)	the	very	homogenous	Italian	sparrow	population	
where	the	mitogenome	of	one	parent	(P. domesticus)	and	the	Z‐chromosomal	marker	
of	 the	other	parent	 (P. hispaniolensis)	are	 fixed.	The	North	African	sparrow	hybrids	
provide	a	further	example	of	enhanced	hybridization	along	with	recent	urbanization	
and	anthropogenic	land‐use	changes	in	a	mosaic	landscape.
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1  | INTRODUC TION
Hybridization	 has	 recently	 become	 widely	 accepted	 as	 a	 driving	
force	of	speciation	in	animals	and	plants.	Hybridization	may	increase	
genetic	 and/or	 phenotypic	 variability	 within	 short	 evolutionary	








Hybridization	 can,	 however,	 drive	 speciation	 without	 result‐
ing	 in	hybrid	 species,	 that	 is,	 leading	 to	 reproductive	 isolation	be‐
tween	 evolutionary	 lineages.	 As	 long	 as	 reproductive	 barriers	 are	
incomplete,	 differently	 structured	 and	 often	 narrow	 hybrid	 zones	
can	 arise.	 In	 Europe,	 characteristic	 zoogeographic	 patterns	 of	
parapatry	 and	 secondary	 overlap	 have	 arisen	 from	 lineage	 sepa‐
ration	 in	 glacial	 refuges	 and	 postglacial	 range	 expansion	 (Hewitt,	
2000,	 2004;	 Schmitt,	 2007).	 In	 these	 hybrid	 zones,	 interspecific	
gene	 flow	 is	mediated	 by	 a	 complex	 interplay	 of	 different	 factors	





Stemshorn,	 Reed,	 Nolte,	 &	 Tautz,	 2011;	 birds:	 Barrera‐Guzmán,	
Aleixo,	Shawkey,	&	Weir,	2018;	Brelsford,	Milá,	&	Irwin,	2011;	Elgvin	
et	 al.,	 2011;	 Hennache,	 Rasmussen,	 Lucchini,	 Rimondi,	 &	 Randi,	




example,	 via	 repeated	 recolonization	 from	glacial	 refuges	 (Hewitt,	
2000),	and	space,	for	example,	via	spatially	separated	hybrid	zones	
across	the	distribution	range	(Aliabadian,	Roselaar,	Nijman,	Sluys,	&	
Vences,	 2005).	 If	 the	 outcome	 of	 such	 independent	 hybridization	
events	is	not	identical,	different	patterns	of	neutral	and/or	adaptive	
introgression	might	 be	 observed	 in	 different	 regions	 of	 a	 species	
range	(Barton	&	Hewitt,	1989;	Curry,	2015).






&	 Andolfatto,	 2014).	 One	 well‐studied	 example	 is	 the	 Italian	
sparrow	(Passer italiae),	a	stabilized	homoploid	hybrid	form	that	re‐
sulted	from	interbreeding	of	the	house	sparrow	(Passer domesticus)	







of	 the	 two	parental	 species	 (Figure	 1).	 In	 the	Alps,	 a	 narrow	 con‐
tact	zone	exists	 (Figure	1:	zone	A)	that	 is	characterized	by	a	steep	
cline	 of	male	 plumage	 traits	 and	 shallower	 genetic	 cline	 between	




taxa	 is	 restricted	by	 strong	 ecological	 segregation	 and	divergence	
of	behavioral	 traits	 (Sætre	et	al.,	2017).	Previous	 field	 studies	and	
genomic	 analyses	 show	 a	 scenario	with	 a	 clear‐cut	 zoogeographic	
pattern	of	sympatry	and	parapatry	of	the	two	parental	species	and	
the	 Italian	 hybrid	 on	 the	 Eurasian	 continent	 that	 was	 shaped	 by	
complex	interaction	of	(a)	parental	genetic	 incompatibilities	(Elgvin	
et	 al.,	 2017;	 Eroukhmanoff	 et	 al.,	 2017;	 Hermansen	 et	 al.,	 2014;	
Trier,	 Hermansen,	 Sætre,	 &	 Bailey,	 2014);	 (b)	 sexual	 selection	 on	
phenotypic	traits	 (Bailey,	Tesaker,	Trier,	&	Sætre,	2015;	Runemark,	
Fernández,	Eroukhmanoff,	&	Sætre,	2018);	and	(c)	selection	on	func‐




saic	 of	 house	 sparrows,	 Spanish	 sparrows,	 and	 phenotypic	 hybrid	
populations	 in	North	Africa	 (Figure	1:	zone	B).	That	area	has	been	
subject	 to	 intense	 anthropogenic	 changes	 in	 past	 centuries,	when	
intensification	 of	 farming	 and	 urbanization	 during	 past	 centuries	
has	 resulted	 in	 an	 eastward	 range	 expansion	 of	 the	 human	 com‐
mensal	 species,	 the	house	 sparrow,	 allowing	 the	 coexistence	with	
local	 Spanish	 sparrows	 and	 hence	 hybridization	 (Summers‐Smith	
&	Vernon,	1972).	The	North	African	 landscape	 is	characterized	by	
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1.	 Phenotypic	 hybrids	 in	 Algerian	 mixed	 populations	 should	 be	
identifiable	as	genetic	hybrids.	Furthermore,	these	should	show	
similar	 variation	 of	 the	 three	 genetic	 marker	 systems	 as	 the	
Italian	 hybrid	 form	 (e.g.,	 near	 fixation	 of	 the	 house	 sparrow	
mitogenome	and	 the	Spanish	 sparrow	CHD1Z	 alleles;	Belkacem	
et	 al.,	 2016;	 Elgvin	 et	 al.,	 2011;	 Hermansen	 et	 al.,	 2011;	 see	











2  | MATERIAL S AND METHODS
2.1 | Sampling and study sites in Algeria
















In	 previous	 studies,	 phenotypic	 diagnosis	 of	 the	 house	 sparrow,	
Spanish	sparrow,	and	the	Italian	sparrow	has	mainly	relied	on	male	
plumage	 color	 patterns	 mostly	 of	 the	 crown,	 the	 cheek,	 and	 the	
back	(Bailey	et	al.,	2015;	Hermansen	et	al.,	2011;	Runemark,	Bailey,	
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Bache‐Mathiesen,	&	Sætre,	2018).	Compared	to	Italian	sparrow	pop‐
ulations,	Rothschild	and	Hartert	(1912)	described	a	great	phenotypic	
diversity	 of	 North	 African	 sparrow	 populations	 and	 distinguished	
20	different	head	color	patterns.	For	this	study,	we	based	individual	
classification	of	phenotypes	on	 six	phenotypic	 traits	 (crown,	neck,	
cheek,	breast,	 flanks,	and	back;	as	done	by	Belkacem	et	al.,	2016).	









0.0833	 (Table	S1).	Based	on	 the	same	system,	we	classified	 Italian	
sparrows	using	photographs	available	from	fieldwork	(Figure	S1).
Hybrid	 scores	 were	 calculated	 and	 compared	 for	 males	 only,	
because	unanimous	assignment	of	 females	 to	either	of	 the	paren‐
tal	 species	 is	critical	and	highly	prone	to	error	 (Elgvin	et	al.,	2011;	
Hermansen	et	al.,	2011;	biometric	analysis	in	Belkacem	et	al.,	2016).	
In	 accordance	with	Hermansen	et	 al.	 (2011),	 the	 few	 females	 that	
were	 included	 in	 the	Algerian	 sampling	were	only	 assigned	 to	 the	
urban	or	rural	study	populations	but	not	to	a	particular	phenotype.
2.3 | Choice of molecular markers
To	study	patterns	of	admixture	in	the	North	African	hybrid	zone,	we	
chose	three	different	marker	systems.	First	evidence	of	the	hybrid	
origin	 of	 the	 Italian	 sparrow	was	 inferred	 from	one	mitochondrial	
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marker	 (NADH	 dehydrogenase	 subunit	 2;	 ND2)	 and	 microsatel‐
lites	 (Hermansen	et	al.,	2011).	The	set	of	microsatellites	used	here	
(Table	 S2)	 has	 been	 developed	 specifically	 for	 sparrows	 and	 has	
been	proven	to	(a)	reliably	distinguish	the	parental	species	(P. domes‐





gression	 of	 the	 house	 sparrow	 mitogenome	 into	 both	 the	 Italian	
sparrow	(Hermansen	et	al.,	2011)	and	North	African	sparrow	hybrids	
(Belkacem	et	al.,	2016).	As	a	 third	marker,	we	chose	 the	sex	chro‐




autosomal	markers.	 These	 Z‐linked	 genes	were	 thus	 suggested	 as	














2.4 | Wet‐lab analysis and Sanger sequencing
NADH	dehydrogenase	subunit	2	(ND2)	sequences	from	197	of	our	
samples	were	 already	 available	 to	us	 from	Belkacem	et	 al.	 (2016).	
Here,	we	amplified	and	sequenced	ND2	for	126	additional	samples,	
belonging	 to	 eleven	 additional	 populations,	 to	 complete	 the	mito‐
chondrial	data	set	for	our	total	sampling	(323	samples	from	16	popu‐








T3′	 (for	 laboratory	protocols	and	 results,	 see	Päckert,	Giacaolone,	
Lo‐Valvo,	&	Kehlmaier,	2019).
We	 amplified	 CHD1Z	 from	 297	 samples	 with	 PCR	 primers	
CHD1Z‐F	(5′‐TAG	AGA	GAT	TGA	GAA	CTA	CAG	T‐3′)	and	CHD1Z‐R	
(5′‐GAC	ATC	CTG	GCA	GAG	TAT	CT‐3′;	Borge,	Webster,	Andersson,	














tropherogram	output	 file.	For	CHD1Z	 sequences	with	at	 least	one	
heterozygous	site,	haplotypes	were	assigned	statistically	using	the	
PHASE	 2.1.1	 algorithm	 (Stephens	 &	 Donnelly,	 2003;	 Stephens,	
Smith,	&	Donnelly,	 2001)	 implemented	 in	DnaSP	5.10.01	 (Librado	
&	Rozas,	2009).	Nucleotide	sequences	of	the	coding	mtDNA	marker	
(ND2)	 were	 translated	 into	 protein	 sequences	 with	 MEGA	 5.1	 in	













satellite	 loci	 using	 published	 information	 about	 the	 microsatellite	






















We	 used	 Arlequin	 3.5	 (Excoffier	 &	 Lischer,	 2010)	 to	 calculate	
linkage	between	alleles	 for	 the	16	 sparrow	populations	with	 sam‐
plings	of	n	>	5.	We	also	used	Arlequin	3.5	to	calculate	locus‐specific	
observed	 and	 expected	 heterozygosities	 (HO, HE)	 for	 each	 sample	
population,	and	pairwise	FST	 (fixation	 index)	values	among	popula‐




loci	were	 in	 LD,	 the	 number	 of	 permutations	was	 set	 on	 104.	 LD	
and	HWE	tests	were	adjusted	with	sequential	Bonferroni	correction	







formed	 using	 the	 software	 STRUCTURE	 2.3.3.	 (Falush,	 Stephens,	










netic	 clusters	 (K)	with	 ten	 runs	 for	each	value	of	K.	We	performed	
106	iterations	per	run	with	a	burn‐in	period	of	5	×	105	steps.	For	fur‐


















brid	 data	 were	 subjected	 to	 analyses	 using	 STRUCTURE,	 together	





(k	 =	2)	 as	 the	most	plausible	population	 structure	when	using	 the	
complete	 data	 set	 (n	 =	 323)	 under	 the	 admixture–frequency‐cor‐
related	 model.	 The	 house	 sparrow	 population	 from	 Nepal	 was	
separated	 from	all	 other	 populations,	whereas	Western	Palearctic	
house	 sparrows,	 Spanish	 sparrows,	 and	 Italian	 sparrows	were	 not	




sparrows	 (Germany,	France)	and	Spanish	 sparrows	 (Fuerteventura,	























analysis	 (Figure	 4,	 Figures	 S4	 and	 S5).	 These	 characteristics	were	
met	 in	 the	house	 sparrow	populations	 from	Nepal,	 East	Germany,	
Central	 Asia,	 Sudan,	 and	 France	 (in	 the	 latter	 population,	 a	 single	
individual	showed	a	heterospecific	allele	combination	at	the	CHD1Z 
locus).
In	 most	 Spanish	 sparrow	 populations,	 the	 P. hispaniolensis 
mtDNA	 lineage	and	 the	CHD1Z	 alleles	3–11	were	100%	fixed	and	
all	 individuals	 were	 assigned	 to	 the	 Spanish	 sparrow	 cluster	 with	
q	>	0.90	in	microsatellite	analysis.	These	characteristics	were	met	in	
the	Spanish	sparrow	populations	from	Egypt,	Central	Asia,	southern	
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Spain	(q	<	0.90	for	a	single	individual),	and	Fuerteventura	(a	single	in‐
dividual	showed	admixture	for	the	CHD1Z	locus;	Figure	4,	Figure	S4).
In	 the	area	of	 sympatry	on	 the	 Iberian	Peninsula,	95%	PIs	of	
q‐values	were	broader	 for	 both	parental	 species	 (Figure	5b)	 and	
almost	all	house	sparrows	ranged	at	slightly	higher	mean	q > 0.1 
(Figure	S3;	in	contrast,	all	but	one	Spanish	sparrow	individual	had	
a	mean	q	>	0.9).	We	therefore	considered	this	a	scenario	of	weak	




rows	 (whereas	 the	 house	 sparrow	 allele	 1	was	 absent	 in	 Iberian	
Spanish	sparrows	Figures	4	and	5b,	Figure	S4).	On	the	other	hand,	
there	 was	 no	 sign	 of	 mitochondrial	 introgression	 and	 no	 broad	
overlap	 of	 95%	 PIs	 of	 q	 for	 the	 two	 sympatric	 species	 on	 the	
Iberian	Peninsula	(Figure	5b).
All	populations	of	the	Italian	sparrow	showed	the	same	genetic	
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typic	hybrids	carried	a	P. hispaniolensis ND2	haplotype,	whereas	 in	
the	 rural	 Spanish	 sparrow	 population	 from	 Hassi	 El	 Euch	 76%	 of	
local	 individuals	 carried	 a	P. domesticus ND2	 haplotype	 (Figures	 4	
and	5c).	Homospecific	allele	combinations	of	the	sex	chromosomal	
marker	(CHD1Z:	1/1	=	domesticus	allele;	4/4,	3/3,	and	3/4	=	hispan‐
iolensis	 alleles)	 represented	more	 than	 50%	of	 the	 local	 individual	














microsatellites	 7.50	 <	 AR	 <	 7.90)	 compared	 to	 other	 Eurasian	
populations	 of	 P. domesticus	 and	 P. hispaniolensis (CHD1Z: 
1.00	<	AR	<	2.90;	microsatellite:	5.33	<	AR	<	8.10)	and	compared	
to	 Italian	 populations	 of	P. italiae (CHD1Z:	 2.00	 <	 AR	 <	 2.75;	mi‐
crosatellite:	6.45	<	AR	<	7.64)	(Tables	1	and	2).	Similarly,	both	nu‐
clear	markers	 showed	high	values	 for	 expected	heterozygosity	 in	
populations	of	the	Algerian	contact	zone	(CHD1Z:	0.58	<	HE	<	0.69;	
microsatellites	0.84	<	mean	HE	<	0.86)	compared	to	Eurasian	P. do‐





contact	 zone	 populations	 show	 high	 values	 compared	 to	 most	
Eurasian	populations	of	P. domesticus,	P. hispaniolensis,	and	P. italiae 
(Table	1).	Finally,	it	is	interesting	to	note	that	two	strictly	allopatric	
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populations	at	the	western	and	eastern	range	margins	of	P. domes‐
ticus	 (Nepal)	 and	 P. hispaniolensis	 (Fuerteventura,	 Canary	 Islands)	
showed	 least	 (or	 low)	 genetic	 diversity	 indices:	 house	 sparrows	
from	Nepal	 (ND2:	HD	=	0.51,	π	 =	0.001;	micsats:	AR	=	5.33)	 and	
Spanish	sparrows	from	Fuerteventura	(	micsats:	AR	=	5.65;	Table	1).
FST	 values	 inferred	 from	 microsatellite	 data	 (12	 loci)	 were	 not	











In	 Algeria,	 urban	 populations	 showed	 highly	 variable	 combina‐
tions	of	the	six	plumage	color	traits	(Figure	3,	Table	S1).	All	urban	











proportions	 did	 not	 coincide	 in	 the	 Algerian	 study	 populations,	






Nhaplotypes HD π Mean AR Mean HO Mean HE FIS
P. domesticus 
allopatric
Kathmandu	(Nepal) 19 4 0.509 0.0010 5.329 0.708 0.740 0.044
Saxony	(East	Germany) 17 7 0.713 0.0019 7.432 0.794 0.834 0.050*
Landes	(France) 12 5 0.692 0.0013 7.263 0.797 0.839 0.052
Kefalonia	Island	(Greece) 4 2 0.500 0.0007 – 0.646 0.784 –
P. domesticus 
sympatric
Muğla	(Turkey) 31 14 0.869 0.0023 8.055 0.747 0.854 0.127**
Sevilla	(Spain) 24 9 0.795 0.0026 7.860 0.795 0.858 0.075**
Sudan 4 1 0 0 – 0.521 0.780 –
Central	Asia 4 4 0.800 0.0015 – 0.660 0.792 –





Djelfa	urban 44 14 0.777 0.009 7.956 0.797 0.853 0.066**
Hassi	El	Euch	urban 19 11 0.865 0.007 7.999 0.773 0.857 0.100**
P. hispaniolensis 
allopatric
Fuerteventura	Island	(Spain) 19 10 0.869 0.0027 5.648 0.668 0.723 0.078*
Giza	(Egypt) 6 3 0.524 0.0008 – 0.833 0.826 –
Libya 4 3 1.000 0.0030 – 0.775 0.803 –
P. hispaniolensis 
sympatric
Sevilla	(Spain) 23 10 0.710 0.0017 7.346 0.786 0.811 0.031




Hassi	El	Euch	rural 25 9 0.625 0.0164 7.498 0.802 0.837 0.043
P. italiae Sicily	East,	Maletto	(Italy) 11 2 0.182 0.0003 7.644 0.825 0.814 −0.015
Sicily	West,	Fraginesi	(Italy) 10 2 0.200 0.0003 7.142 0.787 0.795 0.011
Lampedusa	Island	(Italy) 14 3 0.362 0.0006 6.446 0.756 0.786 0.040
Ustica	Island	(Italy) 10 2 0.222 0.0003 6.964 0.829 0.828 0.000
Lipari	Island	(Italy) 5 2 0.500 0.0223 – 0.817 0.852 –
La	Chiappa,	Corsica	(France) 4 2 0.667 0.0010 – 0.792 0.759 –
Pantelleria	Island	(Italy) 4 3 0.833 0.0015 – 0.729 0.802 –
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because	95%	PIs	of	q	showed	large	overlap	even	between	pheno‐
typic	P. domesticus	and	phenotypic	P. hispaniolensis	(Figure	6a).	In	
contrast,	 island	populations	of	P. italiae	 showed	a	 greater	match	
between	 genetic	 admixture	 proportions	 and	 phenotypic	 hy‐
brid	 scores	 (Figure	6b);	 for	example,	populations	 from	Sicily	 and	
Lampedusa	were	 phenotypically	 and	 genetically	more	 similar	 to	




admixture	 previously	 described	 for	 Eurasian	 continental	 sparrow	
populations.	Allopatric	 populations	of	 house	 sparrows	 and	Spanish	
sparrows	 could	be	 clearly	 identified	 and	 assigned	 to	 separate	 line‐
ages	of	the	mtDNA	and	the	sex	chromosomal	marker	and	to	separate	
clusters	in	the	microsatellite	analysis	(in	accordance	with	Elgvin	et	al.,	








that	act	most	 strongly	on	small	 and	 isolated	populations	 (reviewed	
in:	Hardie	&	Hutchings,	2010;	birds:	Kvist,	Arbabi,	Päckert,	Orell,	&	
Martens,	2007;	Päckert,	Martens,	Hering,	Kvist,	&	Illera,	2013;	other	




the	area	of	 sympatry	 (Ravinet	et	al.,	2018;	 for	 Iberian	populations	
compare	Hermansen	et	al.,	2014).	However,	 these	 findings	do	not	
disprove	reproductive	 isolation	between	the	two	parental	species,	




Trier	 et	 al.,	 2014).	 In	 contrast,	 in	 the	North	African	mosaic	 hybrid	










estimate	 of	 gene	 flow	 (Balloux,	 Brünner,	 Lugon‐Moulin,	 Hausser,	
&	Goudet,	2000;	Balloux,	Lugon‐Moulin,	&	Hausser,	2000),	and	to	
the	fact	that	STRs	do	not	represent	genome‐wide	variation	as,	for	
example,	 inferred	 from	 single	 nucleotide	 polymorphisms	 (SNPs)	
(Lemopoulus	et	al.,	2019).	On	the	other	hand,	several	comparative	
TA B L E  2  Diversity	indices	for	the	Z‐chromosomal	marker	CHD1Z	calculated	for	the	total	number	of	alleles
Taxon (Phenotypic classification) N spec N seq AR HO HE HWE p value FIS π (JC)
P. domesticus Norwaya 14 28 1.0 Monomorph Monomorph – Fixed 0
Saxony	(East	Germany) 7 14 1.0 Monomorph Monomorph – Fixed 0







Djelfa	urban 38 76 3.00 0.421 0.675 .0098 0.379
p	=	.005
0.00355
Hassi	El	Euch	urban 7 14 4.00 0.429 0.582 .2248 0.280
p	=	.22
0.00212
P. hispaniolensis Pula,	Sardinia	(Italy)a 16 32 2.35 0.313 0.280 p	=	1.0 −0.119
p	=	1.0
0.0075








25 50 3.55 0.480 0.693 .0450 0.312
p	=	.030
0.00349
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studies	 have	 concluded	 that	 despite	 all	 limitations,	 microsatellite	
data	are	not	generally	less	informative	or	less	suitable	for	detection	
of	 patterns	 of	 divergence	 and	 admixture	 than	 genome‐wide	 data,	
for	 example,	 SNPs	 (Fernández	 et	 al.,	 2013;	 Ljungqvist,	 Åkeson,	 &	
Hansson,	 2010;	 Narum	 et	 al.,	 2008;	 Roques,	 Chancerel,	 Boury,	
Pierre,	 &	 Acolas,	 2019).	Moreover,	 we	 stress	 that	 in	 our	 sparrow	
data	set,	there	is	a	considerable	difference	between	patterns	of	ad‐
mixture	 in	Algeria	compared	to	the	situation	 in	 the	European	area	
of	 sympatry	 where	 only	 limited	 asymmetrical	 allelic	 introgression	
occurs	(i.e.,	on	the	Iberian	Peninsula:	this	study	in	accordance	with	
Hermansen	 et	 al.,	 2014).	 That	 particular	 situation	 in	North	 Africa	
thus	requires	an	explanation.
4.1 | Strong genetic admixture despite prezygotic 























Second,	 genetic	 admixture	 was	 not	 only	 found	 in	 phenotypic	
house	 sparrows	 from	 the	 Algerian	 contact	 area	 but	 also	 for	 the	
Moroccan	house	sparrow	population	 (Passer domesticus tingitanus).	
In	northwest	Africa,	genetically	admixed	house	sparrow	populations	





found	 only	 in	 Iberian	 and	 Moroccan	 house	 sparrow	 populations,	
Figure	S5).	In	both	scenarios,	the	North	African	mosaic	hybrid	zone	
would	have	been	formed	by	range	expansion	of	genetically	admixed	
populations	 of	 the	 invasive	 parental	 species,	 the	 house	 sparrow	
(P. d. tingitanus).
Third,	 the	 unique	 spatial	 distribution	 pattern	 of	North	African	
sparrow	 populations	 might	 offer	 an	 alternative	 explanation.	
According	to	the	desperation	hypothesis	(Hubbs,	1955),	the	proba‐
bility	for	heterospecific	matings	and	hybridization	should	be	strongly	
increased	 in	 numerically	 imbalanced	 populations	 (McCracken	 &	
Wilson,	2011).	 Following	 this	 reasoning,	 it	 has	been	assumed	 that	
excessive	 interbreeding	 among	 house	 sparrows	 and	 Spanish	 spar‐
rows	was	limited	to	those	areas	like	North	Africa	where	either	of	the	
two	parents	is	rare	(Summers‐Smith,	1988;	Hermansen	et	al.,	2011;	
similarly	for	hybrids	of	P. domesticus	×	Passer montanus	 in	Belgium:	
F I G U R E  6  Phenotypic	and	genetic	admixture	in	North	African	hybrid	populations	(a)	and	the	Italian	hybrid	form	Passer italiae	(compared	
to	allopatric	populations	of	the	parental	species	Passer domesticus	[Germany]	and	Passer hispaniolensis	[Fuerteventura,	Canary	Islands]);	
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sparrows	while	 foraging	 in	 the	crop	 fields.	 In	 this	 scenario,	 extant	













ings	 in	areas	of	sympatry	 in	 the	wild	will	be	a	challenging	 task	 for	
future	field	research.
4.2 | Parental phenotype integrity despite genetic 
admixture in North Africa
Though	 admixed	 urban	 populations	 in	 the	 Algerian	 study	 area	




























Fernández,	 et	 al.	 (2018)	 suggested	 a	 high	 novelty	 potential	 for	
traits	 under	 divergent	 selection,	 such	 as	 crown	 color	 in	 spar‐
rows.	Indeed,	we	could	document	novel	trait	variation	in	Algerian	
Spanish	 sparrows	 having	 an	 intensely	 black	 crown	 (Figure	 3G).	
That	color	variation	does	not	occur	elsewhere	across	the	breeding	




















such	 as	 in	marine	 invertebrates	 (Mytilus edulis,	Mytilus trossulus: 
Riginos	 &	 Cunningham,	 2005;	 Stuckas	 et	 al.,	 2017)	 or	 tortoises	




Postglacial	 range	 expansion	 of	 the	 house	 sparrow	 was	 pre‐
sumably	 strongly	 associated	 with	 the	 rise	 of	 human	 agriculture	
and	 civilization	 and	 adaptation	 to	 novel	 habitat	 in	 an	 anthropo‐
genic	environment	(Sætre	et	al.,	2012).	Likewise,	the	very	recent	
formation	of	the	North	African	hybrid	zone	went	along	with	his‐
torical	 dispersal	 of	 house	 sparrows	 into	 Algeria	 that	 coincides	
with	 increasing	urbanization	of	 that	 region	 in	 the	 late	19th	 cen‐




Kelly,	 &	 Pierce,	 2016;	 Pierce,	 Guitierrez,	 Rice,	 &	 Pfennig,	 2017;	
Seehausen,	 2004).	 In	North	Africa,	 this	 seems	 to	 be	 an	ongoing	
process	promoted	by	intensification	of	agriculture	and	cultivation	
of	new	crop	fields	during	recent	decades	including	massive	recent	
dispersal	 of	 hybrid	 sparrows	 even	 to	 hyper‐arid	 regions	 where	
large	hybrid	colonies	exist	in	the	absence	of	either	of	the	parental	
species	(Guezhoul,	Chenchouni,	&	Doumandji,	2011;	Guezhoul	et	
al.,	 2013).	 Similar	 effects	 of	 very	 recent	 human‐mediated	 range	
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expansions	and	intensified	urbanization	have	been	reported	from	
other	parts	of	the	house	sparrow's	range	(Schrey,	Liebl,	Richards,	
&	 Martin,	 2014;	 Sheldon	 et	 al.,	 2018;	 Vangestel	 et	 al.,	 2012).	
Generally,	anthropogenic	disturbances	might	 facilitate	hybridiza‐
tion	between	ecologically	divergent	species	 that	under	different	
(undisturbed)	 conditions	 do	 not	 regularly	 interbreed	 (“anthropo‐
genic	hybridization”:	See	Grabenstein	&	Taylor,	2018;	McFerlane	&	
Pemberton,	2019).	In	all	these	aspects,	the	admixed	North	African	
sparrow	 populations	 are	 in	 accordance	 with	 the	 “mosaic	 hybrid	
zone	model”	 characterized	 by	 a	 spatial	 patchwork	 of	 secondary	
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